A novel heteropolysaccharide named SHDP was isolated from spent Hovenia dulcis peduncles (SHD) using alkali extraction. The preliminary characterization of the polysaccharide was performed by physicochemical and spectral methods. The bioactivities in vitro were also investigated. The results indicated that SHDPs are homogeneous with an average molecular weight of approximately 4570 kDa, and contain uronic acid (2.3%) and protein (3.6%). It is mainly composed of rhamnose, fucose, arabinose, xylose, mannose, glucose, and galactose in a molar ratio of 3.04:1:8.55:8.51:3.80:19.85:9.59. The structure perhaps contains 6)-Glcp-(1→, 3)-Rhap-(1→, 4)-Xylp-(1→, 3)-Fucp-(1→. Meanwhile, xylose and arabinose were attached to (1→3, 6)-Manp and (1→3, 6)-Galp. Fourier-transform infrared (FTIR) analysis showed the typical polysaccharide absorption of the polysaccharide. Antioxidant activities assays in vitro indicated excellent 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2ʹ-azino-bis (3-ethylbenzthiazoline-6-suphonic acid) diammonium (ABTS) radical scavenging activities, high superoxide radical scavenging activity, and medium chelating ferrous ions activity in a dose-dependent manner. In addition, SHDPs have the ability to enhance the activity of alcohol dehydrogenase (ADH), which plays an important role in the process of preventing alcoholism.
Introduction
H. dulcis Thunb. (Rhamnaceae), widely known as Guai Zao or Zhi Ju, is mainly distributed in China and Korea. H. dulcis tastes like a mixture of sugar, raisin, cinnamon, and clove [1] and has been consumed as a medicinal and deciduous fruit in many countries. What is noteworthy is that the fleshy H. dulcis peduncles are full of nutrients [2] that may protect our body from damage. Based on medicine literature, most parts of H. dulcis, including peduncles, barks, seeds, and roots, are capable of slaking thirst, quenching acute alcohol toxicity, and anti-lipid peroxidation, among others. [3] Especially, polysaccharides are one of the main constituents of the H. dulcis peduncles, and play an important role in pharmacologic functions. Recently, some researchers studied the strong antioxidant activities, [3] immunostimulatory activity in vitro, [1] and hepatoprotective effect in vivo [4] of the polysaccharides from H. dulcis peduncles.
Compared with previous conventional extract-polysaccharide methods, such as boiling, heating, and ultrasonic extraction, alkali extraction technology is more simple and efficient, which has been used to obtain products from diverse natural sources. Spent H. dulcis peduncles (SHDs), as the residues of water extraction, still retain some cell wall polysaccharides. All these biological and physicochemical properties offered by water-soluble polysaccharides may be found in alkali polysaccharides from SHDs. However, only few articles and researches claimed that the characterization and bioactivities of polysaccharides extracted from SHDs by alkali extraction as exposed here. This in turn prevented it from being used in the exploitation, development, and utilization of H. dulcis. Therefore, to utilize fully and exploit effectively H. dulcis peduncles resource, the purpose of this study is to extract polysaccharides from SHD using an alkali treatment with the mixed liquor of sodium hydroxide and sodium borohydride. A homogeneous acidic polysaccharide named SHDPs was obtained. The preliminary structure was characterized by physicochemical and spectral methods. Moreover, the bioactivities in vitro including antioxidant activity and alcohol dehydrogenase (ADH) activity were evaluated.
Materials and methods

Raw materials, chemicals, and alkali extraction of SHDPs
Peduncles of H. dulcis were purchased from Ankang city, Shanxi province, China. The specimen was identified by Professor Junhui Wang. Voucher specimens were deposited in the herbarium of the School of Food Science and Engineering, Hefei University of Technology (No. HD001). The peduncles of H. dulcis were dried and ground into powder, which went through a 60-mesh sieve. The water-soluble polysaccharides were first extracted from the powder by hot water. After filtration, the residues were collected, dried, and kept at −20°C, which were the SHDs for alkali extraction.
The monosaccharide standards L-rhamnose, D-fucose, L-arabinose, D-xylose, D-mannose, D-glucose, and D-galactose (L-Rha, D-Fuc, L-Ara, D-Xyl, D-Man, D-Glc, and D-Gal), 2,2ʹ-azinobis (3-ethylbenzthiazoline-6-suphonic acid) diammonium (ABTS), 1,1-diphenyl-2-picrylhydrazyl (DPPH), dimethyl sulfoxide (DMSO), and diethylaminoethyl (DEAE) cellulose were purchased from Sigma-Aldrich Co., Ltd. (St. Louis, MO, USA). Trifluoroacetic (TFA) and methyl iodide (CH 3 I) were purchased from Sinopharm Chemical Reagent Co., Ltd. Ultra-pure water was from a milli-Q water purification system. All other reagents were obtained from Sinopharm Chemical Reagent Co. Ltd (Shanghai, China) and are of analytical or chromatographic grade unless otherwise stated.
Polysaccharides from SHD were extracted according to the method described by Wang et al. [5] with slight modification. Briefly, the powder of dried H. dulcis peduncles was graded through a 60-mesh screen, decoloured, defatted, and water-soluble polysaccharides were extracted with hot water at 100°C for 2 h twice. After filtration, the residues of SHDs were obtained. The fat-free SHD was dried to a constant weight and stored for further use. The alkali treatment was performed for polysaccharides extraction using SHD (170 g) added to 2 L of 5% NaOH/0.05% NaBH 4 solution (100 g NaOH and 1 g NaBH 4 dissolved in 2 L water), stirring constantly for 2 h at room temperature. The residues were discarded by centrifugation at 10000 × g for 10 min. The supernatant was collected and neutralized to pH 7 with glacial acetic acid immediately. Then the solution was concentrated and precipitated with a fourfold volume of 95% ethanol at 4°C for 24 h. The precipitation was gained, and dissolved in deionized water. Proteins in the solution were removed by the Sevage method [6] and the process was repeated at least eight times. [7, 8] The solution was decoloured, dialysed (Mw cut-off 3500), and lyophilized to obtain crude polysaccharides. Then, crude polysaccharides solution was purified by a DEAE cellulose chromatography column (3.0 × 40 cm), and eluted with distilled water at 0.25 mL/min. The elution curve was monitored by the phenol-sulphuric acid method [9] and UV scanning at 260 nm and 280 nm. [10] The obtained polysaccharide was named SHDPs.
Determination of homogeneity and average molecular weight
The homogeneity and average molecular weight of SHDPs were determined by high-performance liquid chromatography (HPLC) by Li's method. [11] The polysaccharide was dissolved in ultra-pure water at a concentration of 1.0 mg/mL and filtered through a 0.22 μm membrane. The proteins and nucleic acids were detected on a TU-1901 ultraviolet spectrophotometer at the wave-number range of 200-400 nm.
Analysis of chemical composition
The total sugar content of SHDPs was determined according to the phenol-sulphuric acid method in a 752-ultraviolet and visible spectrophotometer. Protein content was measured by the Bradford method at 595 nm. [12] Uronic acid content was detected by the m-hydroxydiphenyl colorimetric method at 520 nm. [13] Analysis of monosaccharide composition Five mg SHDPs were hydrolysed with TFA by Wang's method. [14] The hydrolysate was treated successively with 30 mg NaBH 4 for 3 h. After neutralization with acetic acid, 3 mL acetic anhydride and 3 mL pyridine were added into the residue at 100°C and reacted for 1 h. The alditol acetate derivatives were analysed by gas chromatography-mass spectrometry (GC-MS; Shimadzu Co. Japan) according to the method of Chen et al. [15] The monosaccharide standards were detected by the same methods. The monosaccharides were identified by their retention times (Rt) and quantitatively determined by their peak areas.
Analysis of partial acid hydrolysis
For the sake of simplicity and accuracy of structure, experiments of partial acid hydrolysis were performed. A total of 15 mg of sample was hydrolysed using 0.05 M TFA (8 mL) at 100°C for 3 h in a sealed test tube. The hydrolyte was transferred to dialysis bags and dialysed against distilled water for 48 h. Excess acid in the bag was removed by co-distillation with MeOH repeatedly. The hydrolyte inside the dialysis bag was dried by evaporation on a water bath (50°C), which was completely hydrolysed and converted into the corresponding alditol acetate derivatives. The monosaccharide composition was analysed as described in section of "analysis of monosaccharide composition"
Analysis of Fourier-transform infrared
The Fourier-transform infrared (FTIR) spectra were recorded on a Nicolet 5700 FTIR spectrometer in the wave number range of 4000-500 cm −1 according to the method of potassium bromide (KBr) disc. [16, 17] A total of 3 mg of sample was dried and ground with spectroscopic-grade KBr powder and pressed into 1 mm pellet for FTIR measurement.
Analysis of methylation and NMR spectroscopy
Before methylation, the sodium methyl sulfoxide (SMSM) reagent was prepared with free oil NaH and DMSO, using the method of Hakomori. [18] Freeze-dried SHDPs (15 mg) were dissolved in dried DMSO (5 mL) and then methylated with the SMSM reagent (2 mL) and CH 3 I (2 mL). The reaction mixture was dialysed with tap water for 12 h. The insoluble substance was lyophilized to obtain methylated polysaccharide. Complete methylation was confirmed by the disappearance of the -OH band (3200-3700 cm −1 ) in the FTIR spectrum by a 5700 FTIR spectrometer. The permethylated residue was depolymerized with 88% formic acid (3 mL) at 100°C for 6 h and evaporated to dry. After these procedures, the monosaccharide composition was analysed by GC. The methylated alditol acetate was analysed on a GC-MS instrument.
For Nuclear magnetic resonance (NMR) spectroscopy, 50 mg SHDPs was dried and dissolved completely in deuterium oxide (D 2 O) and the following treatments were performed by the method of Liu et al. [19] and the chemical shifts were expressed in ppm.
Evaluation of antioxidant activity in vitro SHDPs
Assay of DPPH scavenging radical activity
The assay of DPPH scavenging radical activity was carried out according to the method of Xu et al. [20] with some modifications. In total, 2 mL of SHDPs solution at different concentrations (0.02, 0.04, 0.06, 0.08, and 0.1 mg/mL) was mixed with freshly prepared DPPH (100 μmol/L in methanol), respectively. The mixtures were shaken for 2 min and incubated in the dark for another 30 min. The absorbance was measured at 517 nm against a blank (distilled water) and ascorbic acid (VC) was used as a positive control. The DPPH scavenging percentage was calculated by the following equation:
where A 0 is the absorbance of the control (water instead of sample solution), A 1 is the absorbance of the sample, and A 2 is the absorbance of the sample under identical conditions as A 1 with water instead of DPPH solution.
ABTS radical scavenging activity of SHDPs
The ABTS radical scavenging activity of SHDPs was determined as described in the reported method. [21] The reaction mixture contained 0.2 mL of SHDPs solution with different concentrations (0.2, 0.4, 0.6, 0.8, and 1 mg/mL) and 4 mL of ABTS (7 mmol/L), respectively. After being incubated at room temperature for 6 min, the absorbance of the mixture was recorded at 734 nm. The distilled water was chosen as a blank and VC was used as a positive control. The ABTS radical scavenging activity of SHDPs was calculated by the following equation:
where A 0 is the absorbance of the control (water instead of sample solution), A 1 is the absorbance of the sample, and A 2 is the absorbance of the sample under identical conditions as A 1 with water instead of ABTS solution.
Fe 2+ chelating activity of SHDPs
The Fe 2+ chelating activity of SHDPs was evaluated as described previously [22] with minor modifications. A total of 1 mL of polysaccharides sample at different concentrations (1, 2, 3, 4, and 5 mg/mL) was added to 0.1 mL FeCl 2 , 0.2 mL ferrozine, and 2.7 mL deionized water, respectively. The mixture was shaken well and incubated at room temperature for 10 min; the absorbance of the mixture was measured at 562 nm. The distilled water was chosen as a blank and ethylene diamine tetraacetic acid disodium salt (EDTA-2Na) was used as a positive control. The Fe 2+ chelating activity of SHDPs was calculated by the following equation:
where A 0 is the absorbance of the control (water instead of sample solution), A 1 is the absorbance of the sample, and A 2 is the absorbance of the sample under identical conditions as A 1 with water instead of FeCl 2 solution.
Superoxide anion radical scavenging activity of SHDPs Superoxide anion radicals were generated by the pyrogallic acid method [23] and the scavenging activity was measured as reported by Liu et al. [19] The sample solution at different concentrations was reacted with Tris-HCl (pH 8.2), distilled water, and pyrogallic acid solution in sequence. After incubating at room temperature for 5 min, the reaction was terminated with HCl (8 mmol/L). Then, the absorbance at 560 nm was measured against a blank (distilled water), and VC was used as a positive control in the assay. The scavenging activity on the superoxide anion radical was calculated by the following equation:
where A 0 is the absorbance of the control (water instead of the sample solution), A 1 is the absorbance of the sample, and A 2 is the absorbance of the sample under identical conditions as A 1 with water instead of another reaction liquid.
Effect of SHDPs on ADH activity
The effects of SHDPs on the alcoholic dehydrogenase activity were tested by the Valle & Hoch method. The assay mixture consisted of 1.5 mL sodium pyrophosphate buffer of pH 8.8, 0.5 mL of oxidized coenzyme Ι (NAD + , 0.027 mol/L), 0.5 mL ethanol of 11.5%v/v(8.85 mL of distilled water mixed with 1.15 mL anhydrous ethanol), and the reaction was started immediately by adding 0.1 mL of different concentrations of SHDPs (5, 10, 15, 20 , and 25 mg/mL) in tubes and sealed. After shaking vigorously, the mixture was incubated at 25°C in a water bath for 5 min to achieve temperature equilibrium. Then, 0.1 mL ADH (0.25 U/mL) was added to each mixture immediately, and shaken well. Reduction of nicotinamide adenine dinucleotide (NAD), reduced form of nicotinamide-adenine dinucleotid (NADH) was followed for 5 min by recording the absorbance at 340 nm resulting per 10 s. The preparation of sodium pyrophosphate buffer of pH 8.8 was 1.427 g of Na 2 P 2 O 7 · 10H 2 O dissolved in distilled water, adjusted to pH 8.8 with 1 mol/L NaOH in a final volume of 100 mL. The increase of NADH absorption was measured as a function of time by a 752ultraviolet/visible spectrophotometer. Around 0.1 mL distilled water instead of polysaccharide was used as a blank control. The increase in absorbance (ΔA 340 /min) per 10 s reaction time was calculated from the initial linear portion of the standard curve. Extinction coefficient (ε) value of 6.22 mM −1 cm −1 for NADH at 340 nm was used to calculate activity. One unit of enzyme activity was defined as millimoles of NAD reduced per min at room temperature and pH 8.8. The enzymatic units and activation rate of ADH (U/mL) were calculated as follows:
where U control is the ADH activity of the negative control and U sample represents the ADH activity of the positive control.
Statistical analysis
Results were expressed as the means ± standard deviation (SD) of triplicate experiments.
Results and discussions
Chemical analysis of SHDPs
The SHDPs were first prepared from SHD by alkali treatment, followed by ethanol precipitation and vacuum freeze-drying. The overall yield of SHDPs was 1.5% based on the dried residues used. The results of chemical analysis showed that the contents of total sugar and uronic acid were determined to be (80 ± 2.8)% and (2.3 ± 0.1)%, respectively. Notably, SHDPs contains protein (3.6 ± 0.3)%. The analysis of HPLC revealed only one single elution peak as shown in Fig.1A , indicating that SHDP is a homogeneous polysaccharide, corresponding to an average molecular weight of 4570 kDa from the equation y = −0.133x + 9.369 (the log[Mw](x) was regressed on the Rt (y), R 2 = 0.963) about the dextran calibration curve. The UV spectrum of SHDPs is shown in Fig.1B ; it confirmed that SHDPs contained a little bit of protein because of the weak absorption at 260 and 280 nm. After purification by DEAE-cellulose, two absorption curves (shown in Fig.1C ) were obtained at 280 and 490 nm, respectively. It indicated that SHDP is a protein-bound polysaccharide because of the simultaneous maximum absorbance values at 490 and 280 nm. [24] The polysaccharides from various materials may contain neutral sugar, protein, and uronic acid, and they were conjugated with each other to possess various biological activities. Moreover, it was found that higher contents of protein and uronic acid imply higher biological activities and diverse antioxidant activities. [22] Meanwhile, because of carrying out the deproteinization process several times, it was supposed that the protein remained on the polysaccharide by covalent bonds. [7] Moreover, SHDP is a non-starch polysaccharide owing to the negative responses to iodide-potassium iodide test. [4] The monosaccharide compositions of SHDPs, fraction of partial acid hydrolysis, and monosaccharide standards are shown in Fig.1A-1C . The tested seven standard monosaccharides were completely separated from the baseline within 17 min, and the peaks in the chromatogram were identified in the order of L-Rha, D-Fuc, L-Ara, D-Xyl, D-Man, D-Glc, and D-Gal with the Rt of 11.813, 11.973, 12.028, 12.220, 15.398, 15.480, and 15 .697 min, respectively. By comparing the Rt of SHDP with that of the commercial standards under the same conditions, SHDP contains Rha, Fuc, Ara, Xyl, Man, Glc, and Gal in a molar ratio of 3.04:1:8.55:8.51:3.80:19.85:9.59. The seven monosaccharides still existed in the fraction, combined with Fig.2A ; however, the relative contents of Ara and Xyl were decreased. This revealed that Ara and Xyl were located on the branch of SHDPs.
Analysis of FTIR spectroscopy, methylation, and NMR spectroscopy
FTIR spectra of SHDPs exhibited various typical absorption peaks of polysaccharides, as shown in Fig.3A . The intense stretching characteristic peak at 3391 cm −1 represents hydroxyl group stretching vibration, [24, 25] which is common to all polysaccharides. A weak absorption peak at 2926 cm −1 suggests the stretching vibration of C-H in the sugar ring. [26] The strong absorption band at 1040 cm −1 corresponds to the stretching vibrations of C-O-C bonds, which confirm that SHDPs contain pyranose rings. [27] A strong peak about 1630 cm −1 and a weak peak about 1410 cm −1 were the characteristic absorptions of the carboxylic group, which might be due to the appearance of a small amount of uronic acid and protein. [3] The small peaks at 899, 862, and 754 cm −1 suggested that β-linkage and α-linkage do exist in the SHDPs. [24, 28, 29] FTIR spectra of the methylated product are shown in Fig.3B . The absence of the hydroxyl peak at 3391cm −1 and the obvious enhancement of C-H stretching vibration at 2926 cm −1 indicated that the procedure of methylation was successful. The completely methylated SHDPs hydrolysed with TFA; the methylated derivatives were determined by GC-MS analysis. The identification and proportions are listed in Table 1 The structural properties of SHDPs were confirmed from NMR spectroscopy including 1 H NMR and 13 C NMR analyses. NMR spectroscopy is one of the most useful and important tools for the analysis of structural information such as monosaccharide, α-type or β-type anomeric configuration, and sequences of the sugar units. [30] Most of the α-anomeric protons usually appear in the region that had chemical shifts larger than δ 4.8 ppm, while β-anomeric protons appear in the region of δ 4-4.8 ppm. [31] the In 1 H NMR spectrum of SHDPs (Fig.4A) , all chemical shifts of anomeric proton at δ 4.9, 4.46, 5.18, 4.73, 4.40, 5.02, 4.93, and 5.06 ppm were lower or higher than 4.8 ppm, which suggested the presence of β-linkages and α-linkages in SHDPs. This was in agreement with the analysis results of FTIR. The weak resonance appearing around δ 1.96 ppm was attributed to the proton of acetyl group . [24] The structure of SHDPs contains pyranose because of the absence of the anomeric proton at δ 5.4 ppm. [32] The signal at δ 1.09 ppm was assigned to H-6 of α-L-Rhap and linked only at O-2. [30] In the 13 C spectrum (Fig.4B) , the strong presence of carbon chemical shifts at δ 103.9 ppm was assigned to the anomeric carbon of 6)-β-D-Glcp-(1→ residue with a high proportion. [11, 33] According to reference data set, [24, [34] [35] [36] [37] [38] [39] the resonances at δ 104.9, 109.8, 105.7, to the methyl carbon of rhamnose residues. [40] The weak signal in the region at δ 179.39 ppm originated from C-6 of the unesterified galacturonic acid unit. [26] Antioxidant activities of SHDPs
The antioxidant activities of polysaccharides are due to their free radical scavenging and metal ion chelating activities. Among the free radical species, DPPH, ABTS radical, and superoxide radical are stable radicals, whose scavenging model has been widely used to evaluate the antioxidant activities of natural materials. [41] Besides, as the most powerful oxidant with high reactivity, Fe 2+ can stimulate lipid peroxidation by generating hydroxyl radicals through Fenton reaction. [42, 43] Therefore, in this study, the scavenging activity against DPPH radical, ABTS radical, and superoxide radical, and ferrous ions chelating activity were selected to evaluate the antioxidant activity in vitro SHDPs. Figure 5A shows the scavenging activity of SHDPs on DPPH radical. Noticeably, the scavenging activity of SHDPs increased with concentrations in a dose-dependent manner. At the concentration of 0.1 mg/mL of SHDPs and VC, the scavenging rates of DPPH free radical were 91.2% and 94.7%, respectively. Compared to water-extracted polysaccharide from H. dulcis, [3] which displayed weak DPPH scavenging rate at IC 50 , SHDPs exerted stronger scavenging effect against DPPH radical with IC 50 . Many researches showed that the lower absorbance value of the solution represented a stronger free radical scavenging effect. DPPH radical was scavenged by a proton-donating substance on the base of reduced absorbance. [20] It was evident that SHDP has a strong proton-donating ability and could be explored as a good antioxidant. Figure 5B shows that the ABTS free radical scavenging of SHDPs enhanced rapidly with increasing concentrations. The scavenging activity against ABTS free radical was 99.9% at the concentration of 1 mg/mL. The ABTS scavenging activity of SHDPs is approximately equal to that of 1 mg/mL ascorbic acid. The IC 50 value of SHDPs calculated by Origin (Version 8.0) was 0.26 mg/mL in the tested concentrations range. The results showed that SHDPs had a remarkable scavenging activity against the ABTS free radical.
The dose-response curve of SHDPs on the ferrous ion chelating capability is shown in Fig.5C . At the concentration of 5 mg/mL, the scavenging activity was 62.6%. The results indicated that SHDPs exhibited moderate chelating activity at the concentration of 5 mg/mL. The IC 50 value of SHDPs was 3.86 mg/mL. Fe 2+ , as a powerful pro-oxide, can form violet-coloured complexes in the existence of ferrozine. However, violet-coloured complexes become lighter on account of disrupting complex formation in the presence of antioxidant and EDTA. [44] The excessive ferrous ions in a biological system can lead to DNA damage. [45] Fe 2+ chelating ability would be somewhat beneficial in protecting against oxidative damage and eliminating DNA damage.
Superoxide anion radical is important for antioxidation works. [19] Figure 5D shows the scavenging effect of SHDPs on superoxide radical in a dose-dependent manner. At the concentration of 5 mg/mL, the scavenging activity was 93.5%, which could bear comparison with that of VC. The IC 50 value is 1.93 mg/mL.
Taking into account the complicated mechanism of antioxidant activity, one assay was insufficient to determine the potential antioxidant. Therefore, we selected four ways to evaluate the antioxidant activities of SHDPs in our studies. The results indicated that SHDPs have good biological activities. The bioactivity of polysaccharide could be related to the type of polysaccharide as well as to other factors, for instance, molecular weight, conformation, monosaccharide composition, isolation methods, glycosidic linkage, and extraction method. [16] In this study, the SHDPs possess a molecular weight of 4570 kDa; the large molecular weight might contribute to its bioactivities.
Effect of SHDPs on ADH activity
The activation rate of ADH activity is shown in Fig.6 . The improvement of ADH activity could be affected by SHDPs obtained from SHDP residues. The ADH activity significantly increased with the Figure 6 . Effect of SHDPs on ADH activity. a: p ﹤ 0.05; b: p ﹤ 0.01 versus blank control. concentrations (5-15 mg/mL) increasing. The maximum activation rate was (43.3 ± 3.1)% at 15 mg/ mL of polysaccharide concentration. The activation rate declined dramatically when the sample concentration was over 15 mg/mL. It is similar to the report of Cheng Zhan et al. [46] This could be because the viscosity of the sample increased with mass concentration, and the contact between the enzyme and the substrate reduced, and then the activation of ADH changed. ADH is a key enzyme in ethanol metabolism, which converts ethanol into acetaldehyde (ethanal). Acetaldehyde was oxidized to generate acetic acid by aldehyde dehydrogenase (ALDH), and then converted to CO 2 and water through Kreb's cycle and will eventually be discharged. This is one of the important metabolic pathways of alcohol. The high enzyme activity of ADH can quicken the catabolism rate of alcohol, reduce the amount of accumulation in the body, and prevent alcoholism. The rate of alcohol metabolism was influenced by enzyme activity.
Conclusion
A polysaccharide named SHDP with an average Mw of 4570 kDa was obtained from spent H. dulcis peduncles by using alkali treatment. SHDP is a heteropolysaccharide with a small number of contents of protein (3.6%) and uronic acid (2.3%), which is mainly composed of rhamnose, fucose, arabinose, xylose, mannose, glucose, and galactose in a molar ratio of 3.04:1:8.55:8.51:3.80:19.85:9.59 by GC with a Mw of 4570 kDa. NMR analysis revealed that SHDPs possessed a complex structure and contained 6)-Glcp-(1→, 3)-Rhap-(1→, 4)-Xylp-(1→, 3)-Fucp-(1→, Xylp-(1→, and Araf-(1→. FTIR analysis showed the characteristic absorption peaks of the polysaccharide. The assays of antioxidant activity in vitro indicated excellent DPPH radical scavenging activity (91.2%), strong ABTS radical scavenging activity (99.9%), moderate chelating ferrous ions activity (62.6%), and high superoxide radical scavenging activity (93.5%) in a dose-dependent manner. The activation rate of ADH was (43.3 ± 3.1)% at 15 mg/mL of SHDPs concentration. Further studies on other activities of polysaccharide from H. dulcis are in progress.
